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SUPPORT OF U.S. ITER ACTIVITY 
ABSTRACT 
It is proposed to continue our work in support of the U.S. participation in the ITER 
Engineering Design Activity (EDA) as part of the U.S. Home Team Design Activity, 
including associate JCT tnember support. Our contributions will be in two task areas. In 
the System Studies activity we will continue our participation in the development and use 
of the SUPERCODE, the fast 1~-D systems and operational code for the ITER EDA. In 
the Confinement and Plasma Performance task area, we will continue our work in the 
modeling and analysis of radiative edge operating scenarios for ITER with impurity 
seeding. In addition, we ·will continue our work on burn control and the development of 
burn control requirements for ITER. 
1. SYSTEM STUDJES TASK AREA 
1.1 SUPERCODE Dev«~lopment 
Pro2ress Report of Worlk To Date: 
We have been participating in the development of the SUPERCODE, the new fast 1~-D 
systems and operational <:ode for the ITER EDA [1], since its inception in 1990. We 
have provided models and routines for the self-consistent, profile-dependent evaluation 
of neutral beam deposition, heating and current drive [2], the implementation of theory-
based transport models including the Rebut Critical Electron Temperature Gradient 
model, the calculation of the bootstrap current, and the accurate calculation of the peak 
neutron wall load (modules Beams, Boots, NDWal/Load, and routines rebutChiE/ec, 
rebutChilon, neoclassica/Chi, and nocentiniChi of the VarTr module). These routines 
greatly enhance the capabilities of the SUPERCODE and extend its usefulness as a modem 
systems analysis tool for the design of ITER and other future tokamak reactors. 
At the same time, we have provided benchmarks with the transport code WHIST, and 
have used the SUPER CODE for the study of possible operating scenarios for ITER. 
Prooosed Work: 
The SUPERCODE is already operational and is being used for the analysis of ITER EDA 
operating scenarios. During the course of the EDA, it is expected that the code will be 
extensively used by the members of the Joint Central Team. At the same time, the code 
will be continuously maintained and upgraded. We intend to continue our contributions 
to the development of the SUPERCODE during the fiscal year 1993. For this, one of us 
(JM) could become an as8ociate member of the JCT for a closer cooperation between 
developers and users of the code. Specifically, regarding the upgrading of the physics 
models of the code, we will provide modules for: 
• ICRF heatin~ and curre:nt drive: Most accurate calculations for fast wave heating and 
current drive are performed using time-consuming numerical codes based on ray 
tracing or full wave techniques. Such methods cannot be implemented in the 
SUPERCODE, whose primary requirement is computational speed. Instead, a routine 
based on M. Brambilla's recent work [5] will be developed, that is based .on analytic 
estimates of the wave~ behavior near resonances, and on simplifications of the real 
geometry. The routine will be benchmarked extensively against full wave 
calculations perfonned by D. Batchelor's group at ORNL. 
• ODE solvers for time--dependent capabilities: The current version of the SUPERCODE 
can run only in steady-state mode. While this is sufficient for the majority of system 
and optimization runs, some important phenomena such as burn control scenarios and 
start-up simulations cannot be analyzed. We intend to provide the required numerical 
routines that will give time-dependent capabilities to the code. 
• Calculation of fuelin~· sources: In the current version of the SUPERCODE, only the 
temperature profiles rure transported. The density profiles remain fixed, and only the 
average density and the edge-to-average density ratio can change. Although the code 
has the capability to transport the densities of the different species built-in, to 
activate it requires routines for the calculation of the relevant fueling sources. We 
will develop and implement such routines based on fast but accurate models, for both 
pellets and gas puffing fueling. 
• Impurity radiation routines: Currently, impurity radiation is included in the 
SUPERCODE using the simple fits that were developed during the ITER CDA [6]. 
However, a more accurate impurity model will be needed in order to investigate 
operating scenarios relying on impurity seeding or gas injection. We are already 
studying such radiative edge operating scenarios (see the Impurity Seeding task 
below) using a time-dependent 1 ~-D transport code, coupled with multi charge state 
impurity transport routines. While direct implementation of such routines into the 
SUPERCODE would not: be practical, we do expect to use the experience gained from 
our impurity transport simulations to come up with simpler models that would 
contain most of the ess,~ntial physics. Such models could be based on the transport of 
a few important charge states, or on parametric fits that would be derived from the 
more accurate full in1purity transport simulations, and would be valid in the 
parameter range of interest. 
In addition we will provide benchmarks with the transport code WHIST, and will assist 
the LLNL SUPERCODE group with other, non-physics, computational aspects of the 
project as needed. 
2. POWER & PARTICLE CONTROL 
2.1 Modeling of Radiative Edge I Impurity Seeding 
Proeress Report of Work To Date: 
During the last two years, we have been involved in the evaluation of ITER operating 
scenarios with impurity seeding [7-9]. Such scenarios have been proposed as a way to 
alleviate the divertor heat load through increased radiation levels from the plasma edge 
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and divertor regions. R1!Cent experimental results [10] have also demonstrated that 
plasma conditions in which a large part of the power is exhausted by radiation can be 
obtained and maintained without serious contamination of the core plasma. 
For the purposes of this work, a multi charge state impurity transport routine has been 
developed and implemented in the WHIST 1~-D transport code, providing us with an 
advanced computational capability. Unlike previous studies that analyzed the effect of 
impurity seeding by assuming a background plasma with constant properties, our 
treatment allows for a rnore self-consistent analysis of the effect of enhanced edge 
radiation on the power balance of the core and edge plasmas. 
Our results have indicated that impurity seeding is a promising method to alleviate the 
deleterious divertor conditions, specially for the hybrid and steady-state modes of 
operation of ITER. 
Proposed Work: 
We propose to continue our modeling and analysis of radiative edge operating scenarios 
for ITER with impurity seeding, building upon our substantial computational capability 
in this area. Our first task during the new year would be to implement a simple but 
comprehensive divertor mlodel for a better estimation of the peak divertor heat load. The 
model will be based on the well-known two-point divertor models [11-12], but with 
extensions for an accurate: estimate of the radiative power levels from impurities in the 
SOL and divertor chamber and with inclusion of effects due to neutrals. This divertor 
model would be coupled, as a boundary condition, to our 1 ~-D transport calculational 
model. A Ph.D. student of our group is doing his thesis on this subject. The second task 
that we will undertake is an analysis of the effectiveness of impurity seeding in the 
plasma edge in reducing the divertor heat load in ITER, in both the driven and ignited 
modes of operation, thereby exploiting our (possibly unique) computational capability. 
We will also examine the sensitivity of our calculations to the transport models for the 
impurities and the main plasma species. In addition, the important issue of edge thermal 
stability during impurity seeding will be investigated in detail. 
3. CONFINEMENT AND PLASMA PERFORMANCE TASK AREA 
3.1 Burn Control Analysis 
Proeress Report of Work To Date: 
During the current year w~e have been doing mostly maintenance work, upgrading our 
computational tools for the: burn control activity. In particular, we have been upgrading 
the MHD equilibrium routines of the WHIST 1~-D transport code (the older routines 
had problems finding MHD equilibria for a large number of possible operating points of 
the CDA and HARD ITER designs) and installed new theory-based transport models. 
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Proposed Work; 
For the new year we are planning to carry out simulations of burn control scenarios for 
the ITER EDA design, using WHIST and the recently developed fast 1~-D systems and 
operational code for the ITER EDA, the SUPERCODE. The use of a systems code will 
make it possible to include in our analysis in a self-consistent way the effect of thermal 
instabilities on the differc~nt parts of the reactor, as well as to assess the constraints and 
evaluate the requirements that these parts may impose on the controller. The advanced 
physics models of the SUPERCODE will ensure that no compromises are made in the 
evaluation of the physics·-related parts of the calculations. Emphasis will be placed on a 
number of critical issues, including the defmition of the minimum diagnostic 
requirements for controllability, the identification of worst case transients, and the study 
of the effect of perturbations introduced by sawteeth oscillations and pellet injection on 
the thermal stability of frER designs. Possible new methods of burn control, based on 
control of the edge conditions and hence of the confinement properties, will be studied. 
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SUMMARY 
We propose to expand our involvement in the US Edge Physics effort in support 
of the ITER Project. We have identified four specific tasks in the areas of ITER 
DIVERTOR ANALYSIS W'hich are important to ITER and in which we have a special 
capability. These areas are: 1) implementation of a DEGAS-compatible collision-
escape probability neutral particle transport model; 2) characterization studies of 
viscous forces and impfer1nentation of a full viscosity formalism in UEDGE; 3) coupled 
plasma core-plasma edget-SOL-divertor analysis of radiative electron cooling; and 4} 
comparative analysis of atomic and molecular effects in the presheath region. 
We propose to continue our activities in support of 5) SUPERCODE 
DEVELOPMENT & ANALYSIS. This includes continued module development and 
application of the code in support of design analyses. 
We propose to expand our activity in 6) BURN CONTROL. This will utilize our 
highly developed capabilities in this area to identify burn control mechanisms and 
scenarios for ITER. 
I. NEUTRAL PARTICLE TRANSPORT 
A new computational model for neutral particle transport in the divertor and 
scrape-off layer is undetr development. This model is based on precomputed 
transmission and escape probabilities, which should lead to a model with reasonable 
accuracy and computational economy. Funding for development and testing of the 
model has been proposed separately to DOEIOFE. ITER is supporting the adaptation 
of the model to the gec1metric representation used in DEGAS, so that it can be 
incorporated as a computational economical neutral transport option in DEGAS, and it 
is proposed that this supp()rt be continued. 
A. BACKGROUND 
Neutral particle transport can be calculated to within the accuracy imposed by 
uncertainties in the data for atomic and molecular processes by Monte Carlo, provided 
that a sufficient number c1f particle histories are followed to obtain "good" statistics. 
However, the computational time required for such calculations precludes their use on 
a routine basis. 
There are certain lirnitations to the deterministic neutral transport methods that 
have been used for plasrna edge calculations, as discussed in Ref. [1 ). Diffusion 
theory, perhaps the most used method, is of limited accuracy in many edge plasma 
situations where the assurnption of linear anisotropy in the angular distribution can not 
be justified (e.g. near a material wall or an interface across which the neutral flow is 
highly unidirectional). Extensions to higher order spherical harmonics is straightforward 
in 1 D, but becomes complex in 20. The discrete ordinates method, which has been 
highly developed in 20 for neutron transport, has only been formulated in regular (e.g. 
rectangular, cylindrical) ge1:>metries, which are not suitable for the representation of 
plasma edge regions. Integral transport models are economical when ionization or 
other "removal" processes dominate charge-exchange or other "scattering" processes, 
but become quite complex and time-consuming when multiple "scattering" events must 
be followed. 
The computational nnethod that we are developing may be considered as a 
variant of integral transport theory. Uncollided transmission of neutral particles across 
a region from one bounding surface to another is calculated by integral transport theory 
and can be precomputed as transmission probabilities which depend only on the mean-
free-path of the region. The! transmission of neutral particles across a region from one 
bounding surface to anothE~r via a series of charge-exchange or other ·scattering" 
events, which is the compLJtational intense aspect of an integral transport model, is 
replaced by the calculation :of escape probabilities based on chord distribution theory, 
which leads to simple limiting expressions that can be used to formulate a simple 
rational approximation. 
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B. PROPOSED WORK 
We have proposed to DOEIOFE to undertake the development and testing of the 
transmission-escape probabilities method for neutral particle transport, and are 
undertaking this developn1ent on a limited scale, pending receipt of support therefor. 
We propose to IT1ER to continue our work to adapt the transmission-escape 
probabilities model to thEt DEGAS geometry package. The objective is a DEGAS -
compatible module which can be used as a computationally economical neutral option 
by codes with can interface with DEGAS. We further propose to develop a code for 
processing the atomic, n1olecular and surface data used by DEGAS into the form 
needed in the transmission-escape probabilities model. 
C. EFFORT, TIME & BUDGET 
We anticipate that the development of a DEGAS-compatible computational 
module and the associated data processing code will be carried out over a period of 
about two years, in parallel with the development and testing of the method. Initial 
versions would be available for testing during the first year. 
The proposed effort is intended to require So/o of the Dr. Stacey's time, 5°/o of Dr. 
Mandrekas's time, and SOo/o of a Post-Doc. Support of this effort will require about 
$50K per year, allowing for fringe, overhead and travel. 
D. REFERENCE 
1. W. M. Stacey, "A Transmission/Escape Probabilities Model for Neutral Particle 
Transport in the Outer Regions of a Diverted Tokamak", Georgia Tech Fusion 
Report GTFR-1 05 (1993); also Proc. Sherwood Fusion Theory Conf. {1993). 
II. VISCOSITY 
It has been established from order-of-magnitude ordering arguments that 
viscosity produces order unity effects on the calculated flow fields in tokamak scrape-off 
layers and divertor channels and on the predicted peaking of the energy transported to 
the divertor collector plate; yet a full treatment of viscosity is not commonly included in 
calculations of these quantiities. It is proposed to: 1) quantitatively characterize the 
effect of viscous forces that would be predicted throughout the scrape-off layer and 
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divertor channel of existing tokamaks and of ITER, based on a recently developed 
formalism; and 2) incorporate the recently-developed viscosity formalism in the 20 
code UEDGE. 
A. BACKGROUND 
The calculation of the flow of plasma ions in the scrape-off layer and divertor of 
tokamaks is a subject that is receiving increased attention because of its importance to 
the prediction of energy transported to the divertor collector plates and because of the 
apparent relationship be~Neen shear in the flow field and the L-H transition in energy 
confinement regime. Most calculations of the flows are based on fluid models and treat 
the viscosity approximately with a parallel term and an anomalous radial term (e.g. 
Refs.1-6). Such a reduced treatment of viscosity is perhaps justified in the plasma 
core, where the relatively long radial gradient scale lengths of the pressure and velocity 
distributions generally result in the viscosity being smaller than other terms in the 
equations. However, in the scrape-off layer(and in the plasma edge just inside the 
separatrix, as well) there i:s ample theoretical [7] and experimental [8-11] evidence that 
the radial gradient scale lengths of the pressure and velocity are small, of order of the 
gyroradius. With such a small radial gradient scale length, the viscous force and 
energy flux terms become comparable with the pressure and other leading order terms 
in the fluid equations, and 10mission of important viscous flow cross-derivative terms can 
introduce significant error. 
The effects of viscous forces and energy fluxes ·on the nature of the fluid 
equations and on the prediction of radial peaking in the energy flux incident on the 
divertor collector plate, in the small-radial-gradient-scale-length (SRGSL) ordering, has 
been investigated theoretically [12). It was found that the SRGSL ordering raises 
viscous terms to leading order and fundamentally alters the character of the fluid 
equations. A viscous drift 1term of the same order as the diamagnetic and ExB drifts 
obtains. Important viscous ·forces result from cross-derivatives of the flow field and can 
not be modeled by a purely parallel plus anomalous radial representation of viscosity. 
Order-of-magnitude estimates indicate that viscous-driven radial energy fluxes in the 
scrape-off layer and divertc,r channel have an order unity effect in reducing the radial 
peaking of energy fluxes 1that are transported along field lines to divertor collector 
plates. Although no studie!; have been made, yet it seems intuitive that viscous forces 
of this magnitude would als1:> greatly affect the Ohm's law governing plasma currents in 
the scrape-off layer and divertor. All of this has profound implications for both the 
interpretation of present experiments using fluid code calculations , which treat viscosity 
approximately, and for the prediction of power peaking on the divertor collector plate in 
ITER (and TPX) using such codes. 
The previous study (12] establishes, from order-of-magnitude estimates, that 
viscous forces and energy fluxes can be important within the scrape-off layer and 
divertor channel of tokamai<s. It should be possible to use the same formalism in 
conjunction with existing :20 fluid calculations of energy and particle flows to 
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quantitatively characteri~~e where viscous terms are important within the scrape-off 
layer and divertor channt31 and to establish specific criteria for the inclusion or omission 
of viscous terms. Such a characterization would quantitatively establish the importance 
of omitted viscous effects in calculations of particle and energy flows in the divertor and 
scrape-off layer of present experiments and future devices. Since the viscous terms 
would significantly complicate the calculation and may not be needed everywhere in the 
scrape-off layer and dive11or, such a characterization and associated criteria would also 
be useful in guiding the modification of existing codes to include the most important 
viscous effects. Such a study would also provide a quantitative estimate of how the 
results of present calculations of flows would be changed by the inclusion of viscous 
terms and of how these viscous changes would alter phenomena such as the peaking 
in the energy flux incident on the divertor collector plate. Given the urgency of 
resolving the divertor energy loading issue for ongoing designs of ITER (and TPX), we 
propose to use the formal~sm of Ref (12] to perform a calculational study to characterize 
viscous forces and their effects in the scrape-off layer and divertor channel of existing 
and planned tokamaks, with the objectives of understanding the magnitude and 
character of the changes that would result in existing fluid calculations if viscous effects 
were incorporated and of establishing criteria for inclusion of viscous effects. We will 
also characterize the effec::t of viscous forces on the plasma currents in the scrape-off 
layer and divertor, using ia formalism which we now are developing separately. One 
prime intention of such a. study is to provide a timely, quantitative estimate of the 
reduction in the predicted peak energy flux to the divertor collector plate that would 
result from the inclusion of viscous effects in 20 fluid codes. 
We further propose to implement the viscous formalism in an existing 20 fluid 
code. We will then repeat the above characterization ·studies, with the intent of 
providing a quantitative understanding of the influence of viscous effects on particle 
and energy flows and on currents in the scrape-off layer and divertor channel and on 
reduction in the radial peaking of the power flow to the divertor plates. 
The previous study [12] was carried out within the framework of fluid theory. 
Questions have been raised (13] about the validity of the conventional derivation of fluid 
theory from kinetic theory for ions in the scrape-off layer and divertor channel. We 
further note the need to rederive the fluid viscosity formalism from kinetic theory for a 
multi-ion-species plasma that is interacting with neutral species. It is likely that such a 
new theory will affect the calculated values of viscosity coefficients, possible that it will 
alter the mathematical structure of the viscous forces, but unlikely that it will change the 
predicted order of magnitude of the viscous effects. Thus, we believe that the proposed 
study will provide significant insights which may be altered in detail but not in magnitude 
by future developments in the theory. rHe are separately developing, from kinetic 
theory, a fluid representatior1 of viscosity in a multi-species plasma in the presence of 
an interacting neutral specie~s, with the objective of providing a viscosity formalism and 
a general fluid formalism thc:tt are appropriate for modeling plasma ions, impurities and 
electrons in the scrape-off layer and divertor channel of tokamaks}. 
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B. PROPOSED WORK 
Two separate, but related, activities are proposed: 1) quantitative 
characterization of viscous forces that would be predicted throughout the scrape-off 
layer and divertor channE~I of existing and future tokamaks; and 2) implementation of 
the viscous formalism in an existing 20 fluid code. 
8.1 Quantitative Charac:terizatlon of VIscous Forces 
Two-dimensional calculations of flow velocities throughout the scrape-off layer 
and divertor channel of e:Kisting tokamaks and ITER designs will be used to evaluate 
the magnitude of the viscc>us drift, viscous forces and viscous energy fluxes defined in 
Ref. (12]. Estimates of how the calculated flow velocities and currents would change, 
of how much the predicted peaking of the energy flux on the collector plate will change, 
and of other quantities of interest will then be made. The 20 flow velocities will be 
calculated with existing codes, and the results of other groups will be used when readily 
available. We plan to use the 20 code UEOGE, which is available at NERSC, for this 
purpose. Calculations for existing experiments (e.g. 0111-D, ALCATOR C-Mod) and 
ITER will be made, as nect~ssary to characterize the various aspects of the problem. 
Guided by the abc,ve calculations, model calculations will be performed to 
quantitatively characterize the importance of the viscous terms defined in Ref. [12] and 
to develop criteria for their inclusion in fluid computations. Simplified geometries that 
are representative of variOIJS aspects of the flow problem in tokamak scrape-off layers 
and divertor channels will be modeled. 
At a later time, when the viscous representation is incorporated into UEDGE, we 
will utilize this code to oonfirm and extend the above results. Changes in flow 
velocities, currents and the peaking of the energy flux on the divertor collector plate due 
to viscous effects will be calculated directly. The criteria for inclusion of viscous effects 
will be checked in realistic geometries and modified as required. 
8.2 Implementation of Vi!;cous Formalism In UEDGE 
The existing 20 fluicl codes that have been developed to study the scrape-off 
layer and divertor channel c1f tokamaks (e.g. [1-6]) are based on a variety of coordinate 
systems and representations of the fluid equations. The viscous representation 
depends on the choice of representation of the fluid equations and upon the coordinate 
system that is adopted; thus the proper viscous representation for each code probably 
differs from either of the representations given in Ref. (12). We propose to develop a 
representation appropriate ff>r UEDGE and to implement this in that code. 
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C. EFFORT, TIME AND 13UDGET 
Because of the Pl'.s rather extensive previous work (see Refs. 12 and 14) in the 
area of viscosity, the proposed work can be carried out rather expeditiously, without the 
necessity of a lengthy review and startup process. It is intended that the 
characterization study B .. 1 be carried out by a Post-Doc working under the direct 
supervision of the Pl. lnitiial results should be available within 3-6 months of initiation of 
the project, and it should be possible to conclude and document a comprehensive 
study within another 18 nnonths. The work on implementing the viscous formalism in 
UEDGE will be ongoing over the two years of the proposed project. 
The proposed effort is intended to require 5% of the Dr. Stacey's time, 5o/o of Dr. 
Mandrekas's time, and 51J% of a Post-Doc. Support of this effort will require about 
$50K per year, allowing for fringe, overhead and travel. 
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Ill. RADIATIVE ELECTRC)N COOLING 
We propose to use a coupled core/SOL-divertor transport code package that we 
have partially assembled to investigate the possibility of radiatively cooling the 
electrons, on both sides of the separatrix, so as to reduce the electron component of 
the power flow to the diver1or collector plate. The analysis will include an evaluation of 
the efficacy of methods for preventing impurities in the edge plasma from penetrating to 
the core plasma. 
A. BACKGROUND 
Reduction of the po1Ner flow to the divertor collector plate, in particular the highly 
peaked electron component, is a major feasibility issue for ITER (and for TPX and other 
future tokamaks). While there appear to be possible solutions for reducing the ion 
power flux to the divertor [1 ], feasible means for reducing the electron power flux 
remain to be identified. Since the electrons apparently transport energy rapidly to the 
divertor collector plate along a rather narrow channel just outside the separatrix and do 
not collisionally equilibrate with the ions, it is necessary to find a mechanism which 
cools the electrons directly. 
Radiative cooling o1~ the electrons by impurities is a possible mechanism for 
reducing the electron component of the power flux to the divertor plate. However, it is 
not clear that radiative cooling can overcome the large parallel electron transport in the 
scrape-off layer and divertc1r. The effective radiative region in the divertor channel will 
be confined to a rather narrow electron temperature range, hence spatial region, unless 
impurity ions in low ionizaUon states can be transported rapidly from the vicinity of the 
collector plate upstream into the radiative region, which is somewhat at odds with the 
objective of entraining impurities within the divertor channel. This suggests that 
radiative cooling of electrons before they cross the separatrix, while they are confined 
in the plasma edge region, might be a possible solution to the divertor energy flux 
problem. However, such a :solution is only useful if the impurities can be confined to the 
plasma edge region and pretvented from diffusing into the plasma core region. There is 
recent experimental evidence [2] from 0111-D that the electrons can be radiatively 
cooled in the plasma ed!~e/SOL by MARFEs, and this has motivated plans to 
experimentally study radiatively cooling electrons by impurity injection inside the 
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separatrix--just the concept proposed here. There is evidence (3] that impurities can be 
inhibited from diffusing in1to the plasma core by a positive radial electric field in the edge 
plasma. 
B. PROPOSED WORK 
We propose to an1alyze the possibility of radiatively cooling plasma electrons, 
both before and after the:~ cross the separatrix. The emphasis will be on cooling with 
impurities that are trapped in the plasma edge region inside the separatrix, but we will 
also take into account C01:>1ing by impurity radiation in the scrape-off layer and divertor 
channel. 
We will use the 1-1/20 plasma transport code WHIST (4], which has been 
operational at Georgia Tetch during the last few years and has been used extensively 
for our ITER burn control studies (5]. We have recently modified WHIST to include 
multi-charge-state impurity transport, an improved MHO equilibrium model (Hirshman's 
VMEC code), and a simple but comprehensive scrape-off layer and divertor model. 
This advanced computatic)nal capability allows for a more self-consistent treatment of 
the effect of enhanced edge radiation on the power balance of the coupled core 
plasma-edge plasma-scrape off layer-divertor; it has been used already in the 
evaluation of impurity seeding scenarios for ITER [6]. We are currently extending our 
single-fluid 2-point model of the scrape-off layer and divertor to treat electron and ion 
energy transport separately, in order to be able to model explicitly the different energy 
transport processes alongr the magnetic field lines for the. ion and electron channels. 
We are in the process of incorporating impurity radiation in the scrape-off layer and 
divertor, using a simple radiation model similar to that of McCracken and Pedgley (7] 
upgraded using a residence time correction to take into account non-coronal 
equilibrium effects. We also plan to incorporate an improved neutrals model to treat 
atomic and molecular effec::ts more accurately. At a later stage, we plan to couple our 
multi-charge-state WHIST core transport code with a multi-charge-state 1 D fluid code 
for the scrape-off layer ancl divertor (e.g. NEWT-1 D (8]). 
The analysis will initially consist of "injecting" impurities into the edge plasma 
inside of the separatrix, calculating their transport and radiative electron cooling with 
WHIST to obtain electron, ion and impurity particle fluxes and electron and ion energy 
fluxes into the SOL at th1e midplane, then using the 2-point SOUdivertor model to 
calculate the electron and ion power fluxes to the divertor collector plate. We will also 
calculate the impurity diffusion to and radiative cooling of the plasma core, with and 
without inhibiting mechani!;ms such as radial electric field modification by NBI-driven 
rotation in the edge plasma region. We will attempt to model the impurity "injection" 
from the SOL consistently, but this aspect can be made fully consistent only when we 
replace the 2-point SOUdivertor model with a 1 D fluid code with impurity transport at a 
later stage. 
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We will study various impurity species, including intrinsic low-Z impurities (Be) 
and externally supplied intermediate-Z impurities. We will also identify and study a 
variety of methods for n1odifying edge impurity transport by modification of the radial 
electric field and otherwise. Current models of the ITER plasma and edge conditions 
will be used in the studi~es. The overall objective of the analyses will be to assess if 
impurities can be used to radiatively cool electrons in the plasma edge before they 
cross the separatrix in order to reduce the electron component of the power flux on the 
divertor collector plate, without deleterious effect on the plasma core. 
We also plan to analyze the impurity seeding experiments in 0111-D, which will 
provide confirmation of the computational model used for the ITER analyses. This 
effort will take place prior to or concurrent with the ITER analyses, depending on the 
timing of the experiment!;. Preliminary discussions with Stambaugh to this end have 
been held. 
C. EFFORT, TIME AND BUDGET 
This work will be carried out over about 2 years as Ph.D. thesis research by Mr. 
Heping He, who has already spent about that amount of time becoming familiar with the 
area and modifying the VVHIST code. Supervision of the work will be done by Drs. 
Stacey and Mandrekas, involving about 5°/o of their time. Support of this effort will 
require about $35,000 per year for 2 years, allowing for fringe, overhead and travel. 
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IV. ATOMIC AND MOLECULAR MECHANISMS & DATA IN THE SCRAPE-OFF 
LAYER AND DIVER1"0R 
We propose to perform a comparative analysis of cross sections for atomic and 
molecular collision proce~;ses that could be important for analysis of radiative cooling in 
the scrape-off layer and divertor regions. In part, we shall use existing critically 
evaluated data bases using the ALADDIN data transfer format recommended by the 
IAEA. We anticipate tha1 the compendia will inadequately cover processes involving 
secondary species created by ionization and excitation. An analysis of the sensitivity of 
the model prediction to the input data base will identify such inadequacies which in turn 
should be a major focus for further coordinating activities of the IAEA in support of 
ITER. Where appropriatet, we shall supplement the existing data bases with cross 
section estimates based o~n established scaling relations. 
A. BACKGROUND 
Neutral and fluid transport codes require, as an input, cross section information 
for the various collisional processes. As far as possible, one should utilize critically 
assessed data bases which are approved by experts in the atomic collision field and 
readily available to all mocleling groups. The IAEA Atomic and Molecular Data Unit has 
been responsible for coordinating the provision of data bases for Fusion; Dr. Thomas 
has contributed to a number of these compendia through the IAEA and through the 
ORNL data center. Surpris·,ingly, these extensive, assessed data tabulations have only 
rarely been incorporated irrto modeling codes. We plan to· use a relatively simple, 1 D, 
multigroup neutral transpor1 code to test the completeness of the available data bases 
and the utility of the ALADDIN data transfer format adopted by the IAEA. Moreover the 
code will permit us to pe11orm a sensitivity analysis to determine which processes 
dominate the behavior of the plasma in the edge and divertor; this will lead to 
identification of processes where collisional information is inadequate and where further 
work should be coordinated by the IAEA. 
Energy degradation C)f electrons in the SOL occur first by inelastic, ionization and 
excitation events which exhibit peak cross sections in the region of 1 OO's eV, followed 
by elastic events as energ~' declines; these may be termed the primary events. But a 
satisfactory analysis must include the further transport of the secondary products of the 
initial events which will include ions, metastables and photons; recombination, 
molecular rearrangement and Penning ionization are likely to be the processes 
dominating transport of thes~e secondary products. 
The data bases provide an adequate coverage of the primary interactions of 
charged particles with fuel and common impurities. They are, however, rather weak in 
the coverage of transport of the secondary products. In the modeling of complex, high 
density, regions such as will be experienced near a divertor plate and in a radiative 
divertor, the behavior of the!;e secondary species is likely to be crucial. The data sets 
also often are quite inadequate in their treatment of the possible contribution of 
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impurities released from surfaces; for example Be released by erosion of the divertor 
plate. Thus, the data bases require supplementation either by extracting further 
information from the lite~rature or by estimating cross sections by well established 
scaling relations. 
A matter of particular interest to us is the influence of metastable species where 
cross sections are known to be orders of magnitude higher than that of the ground 
state. As an example drawn from our own experimental work, carbon ions from any 
high density ionization source are as much as 30o/o metastable (1) and these 
metastables exhibit charge transfer cross sections two orders of magnitude greater 
than the ground state [2'] and dominate the behavior of any carbon ion flux. High 
densities of metastable components are likely to be present in any region containing 
impurities injected to prornote radiative cooling, and the metastable components may 
dominate transport. Asse:ssed data compendia have a very inadequate coverage of 
metastable collision event!S. It is imperative to perform sensitivity analyses to determine 
which secondary species are likely to be important and where further work is needed. 
B. PROPOSED WORK 
We propose first tc~ assess the utility of the IAEA sponsored data bases by 
importing them through the ALADDIN format into our neutral transport code. A first 
scenario will be to consider H2 for the injected gas in the divertor region; for this case 
data coverage should be rather complete. We shall identify gaps in the data and 
attempt to cover them by reference to recent data compendia such as those by Tawara 
[3] for electrons and by Phelps (4] for ions. This first importing of information should 
provide us with the primary collisional processes. 
The neutral transport code will calculate the formation of secondary products 
such as photons, metastables, slow ions and electrons whose transport and further 
reactions must then be included. Of particular importance will be molecular 
recombination and rearran~1ement events and processes involving metastable species, 
all of which will exhibit very high cross sections at low energies. 
With the combinaticJn of primary and secondary processes in the neutral 
transport code we shall perform a sensitivity analysis to evaluate the importance of 
each mechanism and whtether the existing limits of accuracy are adequate for 
prediction of the behavior in the divertor and separatrix regions. 
The procedure can then be repeated for impurity species such as N2 and Ar 
which might be deliberately injected to promote radiative cooling. Also of great interest 
will be the contribution due to atoms of the divertor plate material ejected by collisional 
erosion. An adequate data base exists for the primary and many secondary processes 
related to common gases (N2 and Ar) and to carbon. But for a case such as Be, a 
candidate divertor plate mat«~rial, there is little or no information and cross sections will 
need to be estimated from scaling relations. Both C and Be have important metastable 
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states for which cross sections will be very large. An important task will again be the 
sensitivity analysis to determine which processes are most important and also the 
accuracy with which the input data needs to be specified. 
A significant purpose of the work is to identify areas where existing data bases 
are inadequate and to encourage the IAEA data collection program to set up 
cooperative programs to provide the needed information. 
C. EFFORT, nME AND BUDGET 
The proposed program draws heavily on the experience of Dr. Thomas in 
preparation of evaluated data compendia for the ORNL and IAEA data centers. It is 
seen as a continuing effort in providing the input information for the modeling codes. 
We envisage employing one PhD thesis student, and Dr. Thomas will devote 
approximately 15°/o of full time to this project. Support of this effort will require about 
$50K per year, allowing for fringe, overhead and travel. 
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V. SUPERCODE DEVELC)PMENT & ANALYSIS 
We propose to CC)ntinue our participation in the US ITER Systems and 
Operational Studies Task .Area, providing support for the development and use of the 
SuPERCooe, the new 1-1/2-D US systems and operational code. Specific areas in 
which our group can maket unique contributions, both in the development of the code 
and in using it to analyze various ITER operating scenarios, are proposed. 
A. BACKGROUND 
Georgia Tech has been participating in the development of the SUPERCooe, the 
fast, 1-1/2-D, tokamak physics and engineering simulation code for ITER [1], since its 
inception in 1990. We have provided models and routines for the self-consistent, 
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profile-dependent evalua1tion of neutral beam deposition, heating and current drive [2], 
the implementation of theory-based transport models including the Rebut Critical 
Electron Temperature Gradient model as well as a diagonal neoclassical model, the 
calculation of the bootstrap current, the accurate calculation of the peak neutron wall 
load, the calculation of 1he heating profiles from ICRH and the resulting fast wave 
driven current, and a peflt~t fueling model (modules Beams, Boots, NDWai/Load, ICRH, 
Pellets, and several routines in the Transport module). These routines (which have 
been benchmarked against calculations performed with more sophisticated codes with 
excellent agreement) greatly enhance the capabilities of the SUPERCODE and extend its 
usefulness as a modern systems analysis tool for ITER and other future tokamak 
reactors. 
At the same time, we have been using the SuPERCODE to carry out several 
system and optimization srtudies for ITER[3-6]. Some of these studies were performed 
at the request of different groups within the US ITER Home Team, such as the Neutral 
Beam and the Magnet task area groups. This is consistent with one of the missions of 
the US System and Operattional Studies task area as a service organization for the US 
Home Team structure. 
Two of our major accomplishments this year have been the implementation of 
the new Rebut critical electron temperature gradient transport model in the 
SUPERCODE, and the rnodeling of the operational performance of ITER-A with 
consistent 1-0 radial transport [7]. The implications of this model on the ignition 
performance of ITER-A and the significant differences with predictions based on 0-D 
modeling and using the ITE:R-P scaling law have been reported to the ITER community. 
B. PROPOSED WORK 
While the exact needs of the ITER EDA are not known in detail yet, we expect to 
continue providing support to the US Home Team and the Joint Central Team (JCT) on 
an "as-requested" basis. W'e believe that the strength of the SUPERCODE in integrating 
the essential features of physics performance, engineering models, design constraints 
as well as costing conside,rations, will make it an indispensable tool for both Home 
Team initiatives and JCT wc)rk. 
Our group at Geor!~ia Tech can make important contributions, both in the 
continuing development of the code and in using it to analyze specific scenarios of 
interest. 
1. Code peyelopment: 
Specifically, in the area ,of code development, we propose to work on the following 
tasks: 
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a. Self-consjstent MHO and current ddye: By making the MHO equilibrium more 
consistent with th~a external and internal current sources, we can study current 
drive optimization and startup scenarios, as well as the effect of the current 
profile on the confinement properties. 
b. ECH model: We \IVill develop, benchmark, and install a profile-dependent ECH 
module for the callculation of heating and current drive due to the launching of 
waves in the electron cyclotron range of frequencies. This module will enhance 
the capability of ·the SUPERCooe for heating and current drive simulations, 
complementing thet existing neutral beam and ICRH modules. 
c. Fueling: We have just completed the development of a pellet fueling module. We 
will add the capability for gas puffing fueling by adopting a neutral transport 
model based on a semi-analytic solution of the integral transport equation for 
edge-originated neutrals. 
d. Impurity Radjation: Currently, impurity radiation is included in the SUPERCODE 
using simple pararnetric fits that were developed during the ITER CDA [8]. 
However, a more accurate impurity model will be needed in order to investigate 
operating scenarios with enhanced impurity radiation, resulting from either 
externally introduce~d or wall-originated impurities. We will use our considerable 
expertise in this area (gained from our studies of radiative edge operating 
scenarios for ITER !USing a time-dependent 1-1/2-D transport code coupled with 
multi charge state impurity transport routines [9]) to develop simpler models 
appropriate for a ~;ystems code. These models would contain most of the 
essential physics artd could be based on the transport of a few important charge 
states, or on param,etric fits that would be derived from the more accurate full 
impurity transport simulations and which would be valid in the parameter range 
of interest. 
It is also worth mentioning here that most of these modules will be imported into the 
new free-boundary MHID and plasma transport code, CORSICA, which is currently 
under development at LLNL, and which is expected to play an important role during 
the ITER EDA. 
2. Analysis 
We will also be using the SUPERCODE to perform system analysis studies for ITER. 
The exact nature of these studies will depend on the needs of the project, but it is 
expected to include OIPerational scenario modeling for ignited or near-ignited 
operating points under inductive operation, steady-state, current-driven performance 
with NB, IC fast wavet or EC current drive, and other studies on cost and 
performance tradeoffs. l'he SuPERCooe is also expected to play an important role in 
the study of Burn Control, which has emerged as an important safety issue for ITER. 
While a steady state code, its ability to efficiently provide us with a mapping of the 
operating space and wiith a global picture of the thermal stability properties of 
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potential operating points makes it a very useful tool for the initial stage of the burn 
control studies. 
In addition, we will ta~ce the lead in the study of the effect of the current density 
profile on confinement. Recent experimental results from DIII-D and other tokamaks 
(1 OJ, indicate that improved confinement and stability can be obtained through the 
modification of the current profile. This suggests that an optimum current profile may 
exist which, for a givEtn confinement model, could increase the performance and 
reduce the size and cost of the machine. We believe that the advanced physics 
models of the SUPERCODE, combined with its computational speed and its 
engineering and costing modules, make it the ideal tool for such a study. 
C. EFFORT, TIME AND BUDGET 
The proposed work. consists of a continuing effort by Dr. Mandrekas, support by 
graduate students. Dr. Mandrekas will devote 75°/o of his time to this effort, and 
graduate students will as!;ist him at a level of effort corresponding to one man-year. 
The required support is about $90K/year, including fringe and overhead. 
D. REFERENCES 
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2. J. Mandrekas, Physics Models and User's Guide for the Neutral Beam Module of 
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8. N. A. Uckan, and I'TER Physics Group, ITER Physics Design Guidelines: 1989, 
IAEA, Vienna, 199CL 
9. H. He, J. MandrekalS, W. M. Stacey, "Radiative Edge Simulations for ITER, • Bull. 
Am. Phys. Soc., 37:, 1396 (1992). 
10. J. R. Ferron, eta/., "Improved Confinement and Stability in the 0111-D Tokamak 
obtained through ~~edification of the Current Profile", Phys. Fluids, B-5, 2532 
(1993). 
VI. BURN CONTROL 
The demonstration of the controllability of the thermonuclear bum conditions for 
a several GW power producing reactor such as ITER is expected to be an important 
issue during the Engineering Design Activity (EDA), from both safety and design heat 
flux considerations. Burn CC)ntrol (which generally includes operating point control, burn 
stability control and control of off-normal transient phenomena) is an area that 
encompasses physics and technology, as well as licensing and regulatory 
requirements. We propose to study burn control scenarios for the ITER EDA, taking 
advantage of our considerable experience and existing computational capability in this 
area, having been one of the principal participants in the US Burn Control Studies 
group during the ITER CDA. 
A. BACKGROUND 
Examination of the thermal stability properties of candidate operating points for 
a reactor like ITER reveals that many potentially attractive operating points (in terms of 
good divertor performance c:onditions, proximity to the beta limit, etc.) can be thermally 
unstable. The thermal stabiility properties of an operating point depend, among other 
factors, on the confinement scaling or energy transport model assumptions. Some of 
these models predict the Etxistence of operating points that are inherently thermally 
stable, and operation at such points would certainly be highly desirable, it they exist. 
However, our present incon1plete understanding of the physical mechanisms that are 
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responsible for radial transport in tokamak plasmas and the uncertainty regarding 
operating conditions that may affect thermal stability (such as impurity content and 
alpha ash concentration in the plasma) make relying on the inherent stability of 
candidate operating points risky and incompatible with the high degree of safety 
desired in the design of ITER. Failure to control a thermal instability, and hence the 
power level of the reactor, can lead to excessive heat loads on the first wall and divertor 
components, as well as t~o other off-normal events such as disruptions triggered by the 
violation of beta or density limits in the plasma. The designer is faced with the 
requirement either of providing enough margin in the heat flux capability of the first wall 
and divertor to tolerate tixcessive off-normal heat loads and enough strength in the 
divertor to tolerate a large number of disruptions triggered by thermal runaways, or of 
providing an effective burn control system that can limit thermal runaways to an 
acceptable range. The first option leads to a prohibitively expensive, if not altogether 
unachievable, design. rherefore, the definition of a credible bum control scenario 
(along with the associated requirements on diagnostic and other technological systems) 
should be a high priority task during the early parts of the ITER EDA. 
Burn Control was ~studied during the ITER CDA, having been one of the task 
areas of the U.S. System~; and Operating Studies group. Georgia Tech was one of the 
principal participating institutions during this study. We developed methodologies and 
computational tools to evaluate a large number of potential methods for the control of 
the thermonuclear burn conditions of ITER near thermally unstable operational points 
and to determine the technological requirements on the associated ITER hardware 
systems [1-5]. Our calculations indicated that operation of the ITER CDA machine at 
thermally unstable operating points was feasible using a· variety of methods ranging 
from "standard" control methods (such as auxiliary power modulation for near-ignited 
points, modulation of the fueling rate for ignited points, injection of impurities, etc.) to 
more "advanced" ones such as control with modulation of the divertor pumping fraction 
(2]. We found that edge effects can be very important and may even contribute to 
passive stability[2]. We also deternined the technological requirements that each 
proposed control mechanism would impose on the ITER hardware components (e.g., 
maximum reserve power and minimum acceptable ramp rate of the heating system, 
reserve capacity of the fueling source,). A series of 1-1/2-D simulations that we 
performed [3] confirmed our 0-D predictions and also indicated that the response of the 
control system can be improved if use of spatially-resolved neutron flux measurements 
are made. The results of our work, along with those from the other U.S. participants, 
helped to define the recorrtmendations for a primary and secondary control scheme for 
the CDA ITER device [5]. 
The computational tools that we used for this work include a 0-D transport code 
with advanced physics capabilities and control algorithms that we developed, and the 
WHIST 1-1/2-D transport code [6] for the spatially-dependent study of burn control 
scenarios. As part of our recent work on the study of impurity seeding scenarios for 
ITER [7-8], we have add1ed new capabilities to the WHIST transport code. These 
include routines for the tim1e-dependent transport of multi-charge state impurities within 
the core, as well as a simple but comprehensive SOUdivertor model. These upgrades 
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allow us to study, in a setlf consistent way, the effects of impurities (wall-originated or 
externally introduced) on the evolution of the core plasma, as well as to assess the 
effects of transient phenc,mena on the divertor heat load. We are presently upgrading 
the SOUdivertor model in WHIST to included radiation, and will extend it to treat ions 
and electrons separately iin the near future; and we are upgrading the MHO capability in 
WHIST by incorporating VMEC. At the sam-e time, our 0-D code is being upgraded to 
a mufti-region model, by adding coupled edge and divertor models to the present core 
model, for a better study c>f the effects of edge conditions on the dynamics of a burning 
plasma. The 0-D model provides a capability to perform a large number of control 
studies. while the 1-1/20 model provides the capability to study the coupled dynamics 
of the plasma core and tht:! SOUdivertor in detail. 
B. PROPOSED WORK 
It is proposed to continue our burn stability control studies during the EOA phase 
of the ITER project. Particular emphasis will be placed on issues that are identified by 
the JCT as critical. We anticipate that these will be similar to those which were 
identified as critical during the ITER CDA Burn Control Studies. Such issues may 
include the identification o·f credible burn control schemes and the assesssment of the 
associated technological requirements and of the effect of physics uncertainities, the 
definition of the minimum diagnostic requirements for controllability, the identification of 
worst case transients, the study of the effect of perturbations introduced by sawteeth 
oscillations and pellet injection on thermal stability, and the. identification of phenomena 
and processes that can contribute to the inherent, passive stability of the system. 
Attention will also be give~n to thermal instabilities triggered by density fluctuations, a 
recent concern of the JCT.. Such fluctuations (which earlier studies [9] have shown to 
give rise to distinct modes for certain confinement scalings) can be caused by 
desorption of fuel from the first wall of the device due to an increase in its temperature. 
The impurity influx that will most certainly accompany the fuel flux, should also be taken 
into account in the analysis of the response of the system. 
We believe that ou1r advanced computational capabilities make us qualified, 
perhaps uniquely so at this time, to study in detail any of these bum control problems. 
The impurity transport optic>n that we added to the WHIST 1-1/2-0 transport code will 
be especially useful for nnodefling scenarios involving wall-originated or externally 
introduced impurities and also for the simulation of off-normal operation, while our 
divertor and SOL model ,Nill give us an estimate of the effect that edge plasma 
conditions can have on the evolution of the core plasma during transients. Our 
computational tools will also allow us to examine edge phenomena control schemes 
that are based on physics that is currently Jess well understood (but with a rapidly 
expanding database) and which hold the promise of reducing the technological 
requirements and cost of the control system. Such schemes will be based on 
mechanisms that can be affected in the edge region and which interactively influence 
and control the core thermo1nuclear burn (1 0]. 
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C. EFFORT, TIME & BUIDGET 
We envision that the US Burn Control effort in support of ITER would be of a 
multi-institutional nature, ·would be an ongoing activity and would be carried out at a 
level dictated by the urge1ncy assigned to the task by the JCT. We believe that a fairly 
substantial effort early in the EDA would be wise. 
We propose to involve a graduate student who is doing his Ph.D. research in 
this area 1 00%, Dr. Ma11drekas 1 0% and Dr. Stacey So/o in the specific activities 
described above. The required support is about $50Kiyear, including fringe and 
overhead. (In addition to this proposed level of effort, we plan to propose continuation 
of our participation in the SUPERCODE activity, some part of which might naturally be 
part of the US Burn Contn>l activity.) If necessary, this level of effort could be increased 
by the assignment of a Po:stdoctoral Research Scientist. 
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SUMMARY 
We propose to expand our involvement in the US Edge Physics effort in support 
of the ITER Project. W'e have identified four specific tasks in the areas of ITER 
DIVERTOR ANALYSIS ~rhich are important to ITER and in which we have a special 
capability. These areas are: 1) implementation of a DEGAS-compatible collision-
escape probability neutral particle transport model; 2} characterization studies of 
viscous forces and implernentation of a full viscosity formalism in UEDGE; 3} coupled 
plasma core-plasma edgu-SOL-divertor analysis of radiative electron cooling; and 4) 
comparative analysis of atomic and molecular effects in the presheath region. 
We propose to ~continue our activities in support of 5} SUPERCODE 
DEVELOPMENT & ANALYSIS. This includes continued module development and 
application of the code in support of design analyses. 
We propose to expand our activity in 6) BURN CONTROL. This will utilize our 
highly developed capabilities in this area to identify burn control mechanisms and 
scenarios for ITER. 
I. NEUTRAL PARTICLE 'TRANSPORT 
A new computational model for neutral particle transport in the divertor and 
scrape-off layer is undetr development. This model is based on precomputed 
transmission and escape probabilities, which should lead to a model with reasonable 
accuracy and computational economy. Funding for development and testing of the 
model has been proposed separately to DOEIOFE. ITER is supporting the adaptation 
of the model to the gec•metric representation used in DEGAS, so that it can be 
incorporated as a computational economical neutral transport option in DEGAS, and it 
is proposed that this suppl)rt be continued. 
A. BACKGROUND 
Neutral particle transport can be calculated to within the accuracy imposed by 
uncertainties in the data fc,r atomic and molecular processes by Monte Carlo, provided 
that a sufficient number c>f particle histories are followed to obtain "good" statistics. 
However, the computational time required for such calculations precludes their use on 
a routine basis. 
There are certain li1mitations to the deterministic neutral transport methods that 
have been used for plas1ma edge calculations, as discussed in Ref. [1 ]. Diffusion 
theory, perhaps the most used method, is of limited accuracy in many edge plasma 
situations where the assurnption of linear anisotropy in the angular distribution can not 
be justified (e.g. near a material wall or an interface across which the neutral flow is 
highly unidirectional). Exte~nsions to higher order spherical harmonics is straightforward 
in 1 D, but becomes complex in 20. The discrete ordinates method, which has been 
highly developed in 20 for neutron transport, has only been formulated in regular (e.g. 
rectangular, cylindrical) getometries, which are not suitable for the representation of 
plasma edge regions. ln1tegral transport models are economical when ionization or 
other "removal" processes dominate charge-exchange or other "scattering" processes, 
but become quite complex and time-consuming when multiple "scattering" events must 
be followed. 
The computational method that we are developing may be considered as a 
variant of integral transport theory. Uncollided transmission of neutral particles across 
a region from one boundin~~ surface to another is calculated by integral transport theory 
and can be precomputed a:s transmission probabilities which depend only on the mean-
free-path of the region. The transmission of neutral particles across a region from one 
bounding surface to another via a series of charge-exchange or other "scattering· 
events, which is the computational intense aspect of an integral transport model, is 
replaced by the calculation of escape probabilities based on chord distribution theory, 
which leads to simple limiting expressions that can be used to formulate a simple 
rational approximation. 
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B. PROPOSED WORK 
We have proposed to DOEJOFE to undertake the development and testing of the 
transmission-escape probabilities method for neutral particle transport, and are 
undertaking this developn1ent on a limited scale, pending receipt of support therefor. 
We propose to ITIER to continue our work to adapt the transmission-escape 
probabilities model to thet DEGAS geometry package. The objective is a DEGAS -
compatible module which can be used as a computationally economical neutral option 
by codes with can interface with DEGAS. We further propose to develop a code for 
processing the atomic, n1olecular and surface data used by DEGAS into the form 
needed in the transmissio11-escape probabilities model. 
C. EFFORT, TIME & BU[)GET 
We anticipate that the development of a DEGAS-compatible computational 
module and the associated data processing code will be carried out over a period of 
about two years, in parallel with the development and testing of the method. Initial 
versions would be availabl~e for testing during the first year. 
The proposed effort is intended to require S0lo of the Dr. Stacey's time, S0lo of Dr. 
Mandrekas's time, and SCI0Io of a Post-Doc. Support of this effort will require about 
$SOK per year, allowing for fringe, overhead and travel. 
D. REFERENCE 
1. W. M. Stacey, "A Transmission/Escape Probabilities Model for Neutral Particle 
Transport in the Outer Regions of a Diverted Tokamak", Georgia Tech Fusion 
Report GTFR-1 OS (1993); also Proc. Sherwood Fusion Theory Con f. (1993). 
II. VISCOSITY 
It has been established from order-of-magnitude ordering arguments that 
viscosity produces order unity effects on the calculated flow fields in tokamak scrape-off 
layers and divertor channel:s and on the predicted peaking of the energy transported to 
the divertor collector plate; yet a full treatment of viscosity is not commonly included in 
calculations of these quantities. It is proposed to: 1) quantitatively characterize the 
effect of viscous forces that would be predicted throughout the scrape-off layer and 
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divertor channel of existing tokamaks and of ITER, based on a recently developed 
formalism; and 2) incorporate the recently-developed viscosity formalism in the 20 
code UEOGE. 
A. BACKGROUND 
The calculation of ·the flow of plasma ions in the scrape-off layer and divertor of 
tokamaks is a subject that is receiving increased attention because of its importance to 
the prediction of energy transported to the divertor collector plates and because of the 
apparent relationship bei'Neen shear in the flow field and the L-H transition in energy 
confinement regime. Mos;t calculations of the flows are based on fluid models and treat 
the viscosity approximatetly with a parallel term and an anomalous radial term (e.g. 
Refs.1-6). Such a reduced treatment of viscosity is perhaps justified in the plasma 
core, where the relatively long radial gradient scale lengths of the pressure and velocity 
distributions generally result in the viscosity being smaller than other terms in the 
equations. However, in ·the scrape-off layer(and in the plasma edge just inside the 
separatrix, as well) there is ample theoretical [7] and experimental [8-11] evidence that 
the radial gradient scale h~ngths of the pressure and velocity are small, of order of the 
gyroradius. With such a small radial gradient scale length, the viscous force and 
energy flux terms become comparable with the pressure and other leading order terms 
in the fluid equations, and omission of important viscous flow cross-derivative terms can 
introduce significant error. 
The effects of viscous forces and energy fluxes ·on the nature of the fluid 
equations and on the prediction of radial peaking in the energy flux incident on the 
divertor collector plate, in 1the small-radial-gradient-scale-length (SRGSL) ordering, has 
been investigated theoretically [12). It was found that the SRGSL ordering raises 
viscous terms to leading order and fundamentally alters the character of the fluid 
equations. A viscous drift term of the same order as the diamagnetic and ExB drifts 
obtains. Important viscous forces result from cross-derivatives of the flow field and can 
not be modeled by a purely parallel plus anomalous radial representation of viscosity. 
Order-of-magnitude estimates indicate that viscous-driven radial energy fluxes in the 
scrape-off layer and divertor channel have an order unity effect in reducing the radial 
peaking of energy fluxes that are transported along field lines to divertor collector 
plates. Although no studies have been made, yet it seems intuitive that viscous forces 
of this magnitude would als;o greatly affect the Ohm's Jaw governing plasma currents in 
the scrape-off layer and divertor. All of this has profound implications for both the 
interpretation of present experiments using fluid code calculations , which treat viscosity 
approximately, and for the prediction of power peaking on the divertor collector plate in 
ITER (and TPX) using such codes. 
The previous study (12) establishes, from order-of-magnitude estimates, that 
viscous forces and energ)' fluxes can be important within the scrape-off layer and 
divertor channel of tokamc:lks. It should be possible to use the same formalism in 
conjunction with existing 20 fluid calculations of energy and particle flows to 
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quantitatively characterize where viscous terms are important within the scrape-off 
layer and divertor channe'l and to establish specific criteria for the inclusion or omission 
of viscous terms. Such a characterization would quantitatively ~stablish the importance 
of omitted viscous effects in calculations of particle and energy flows in the divertor and 
scrape-off layer of present experiments and future devices. Since the viscous terms 
would significantly complicate the calculation and may not be needed everywhere in the 
scrape-off layer and divertor, such a characterization and associated criteria would also 
be useful in guiding the modification of existing codes to include the most important 
viscous effects. Such a study would also provide a quantitative estimate of how the 
results of present calculations of flows would be changed by the inclusion of viscous 
terms and of how these viscous changes would alter phenomena such as the peaking 
in the energy flux incident on the divertor collector plate. Given the urgency of 
resolving the divertor energy loading issue for ongoing designs of ITER (and TPX), we 
propose to use the formalism of Ref [12) to perform a calculational study to characterize 
viscous forces and their effects in the scrape-off layer and divertor channel of existing 
and planned tokamaks, with the objectives of understanding the magnitude and 
character of the changes that would result in existing fluid calculations if viscous effects 
were incorporated and of establishing criteria for inclusion of viscous effects. We will 
also characterize the effect of viscous forces on the plasma currents in the scrape-off 
layer and divertor, using a formalism which we now are developing separately. One 
prime intention of such a. study is to provide a timely, quantitative estimate of the 
reduction in the predicted peak energy flux to the divertor collector plate that would 
result from the inclusion of viscous effects in 20 fluid codes. 
We further propose to implement the viscous formalism in an existing 20 fluid 
code. We will then repetat the above characterization ·studies, with the intent of 
providing a quantitative understanding of the influence of viscous effects on particle 
and energy flows and on c:urrents in the scrape-off layer and divertor channel and on 
reduction in the radial peaking of the power flow to the divertor plates. 
The previous study [12] was carried out within the framework of fluid theory. 
Questions have been raised (13) about the validity of the conventional derivation of fluid 
theory from kinetic theory for ions in the scrape-off layer and divertor channel. We 
further note the need to refjerive the fluid viscosity formalism from kinetic theory for a 
multi-ion-species plasma that is interacting with neutral species. It is likely that such a 
new theory will affect the calculated values of viscosity coefficients, possible that it will 
alter the mathematical structure of the viscous forces, but unlikely that it will change the 
predicted order of magnitude of the viscous effects. Thus, we believe that the proposed 
study will provide significant insights which may be altered in detail but not in magnitude 
by future developments in the theory. rwe are separately developing, from kinetic 
theory, a fluid representation of viscosity in a mufti-species plasma in the presence of 
an interacting neutral speciE!S, with the objective of providing a viscosity formalism and 
a general fluid formalism that are appropriate for modeling plasma ions, impurities and 
electrons in the scrape-off latyer and divertor channel of tokamaks). 
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B. PROPOSED WORK 
Two separate, but related, activities are proposed: 1) quantitative 
characterization of viscous forces that would be predicted throughout the scrape-off 
layer and divertor channul of existing and future tokamaks; and 2) implementation of 
the viscous formalism in atn existing 20 fluid code. 
8.1 Quantitative Characterization of VIscous Forces 
Two-dimensional calculations of flow velocities throughout the scrape-off layer 
and divertor channel of existing tokamaks and ITER designs will be used to evaluate 
the magnitude of the viscc)US drift, viscous forces and viscous energy fluxes defined in 
Ref. (12]. Estimates of hc>w the calculated flow velocities and currents would change, 
of how much the predicted peaking of the energy flux on the collector plate will change, 
and of other quantities o1 interest will then be made. The 20 flow velocities will be 
calculated with existing codes, and the results of other groups will be used when readily 
available. We plan to use the 20 code UEDGE, which is available at NERSC, for this 
purpose. Calculations for existing experiments (e.g. 0111-D, ALCATOR C-Mod) and 
ITER will be made, as nec1essary to characterize the various aspects of the problem. 
Guided by the abc>ve calculations, model calculations will be performed to 
quantitatively characterize the importance of the viscous terms defined in Ref. (12] and 
to develop criteria for their inclusion in fluid computations. Simplified geometries that 
are representative of various aspects of the flow problem in tokamak scrape-off layers 
and divertor channels will be modeled. 
At a later time, when the viscous representation is incorporated into UEDGE, we 
will utilize this code to confirm and extend the above results. Changes in flow 
velocities, currents and the peaking of the energy flux on the divertor collector plate due 
to viscous effects will be calculated directly. The criteria for inclusion of viscous effects 
will be checked in realistic ,reometries and modified as required. 
8.2 Implementation of Vh;cous Formalism In UEDGE 
The existing 20 fluid codes that have been developed to study the scrape-off 
layer and divertor channel c»f tokamaks (e.g. (1-6]) are based on a variety of coordinate 
systems and representatio~ns of the fluid equations. The viscous representation 
depends on the choice of retpresentation of the fluid equations and upon the coordinate 
system that is adopted; thus the proper viscous representation for each code probably 
differs from either of the representations given in Ref. (12]. We propose to develop a 
representation appropriate f~or UEDGE and to implement this in that code. 
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C. EFFORT, TIME AND EIUDGET 
Because of the PI's rather extensive previous work (see Refs. 12 and 14) in the 
area of viscosity, the proposed work can be carried out rather expeditiously, without the 
necessity of a lengthy review and startup process. It is intended that the 
characterization study B.1 be carried out by a Post-Doc working under the direct 
supervision of the Pl. Initial results should be available within 3-6 months of initiation of 
the project, and it should be possible to conclude and document a comprehensive 
study within another 18 n1onths. The work on implementing the viscous formalism in 
UEDGE will be ongoing over the two years of the proposed project. 
The proposed effort is intended to require 5% of the Dr. Stacey's time, 5°/o of Dr. 
Mandrekas's time, and 50o/o of a Post-Doc. Support of this effort will require about 
$50K per year, allowing for fringe, overhead and travel. 
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Ill. RADIAnVE ELECTRC)N COOLING 
We propose to use a coupled core/SOL-divertor transport code package that we 
have partially assembled to investigate the possibility of radiatively cooling the 
electrons, on both sides 01f the separatrix, so as to reduce the electron component of 
the power flow to the dive11or collector plate. The analysis will include an evaluation of 
the efficacy of methods for preventing impurities in the edge plasma from penetrating to 
the core plasma. 
A. BACKGROUND 
Reduction of the power flow to the divertor collector plate, in particular the highly 
peaked electron component, is a major feasibility issue for ITER (and for TPX and other 
future tokamaks). While there appear to be possible solutions for reducing the ion 
power flux to the divertor (1 ], feasible means for reducing the electron power flux 
remain to be identified. Since the electrons apparently transport energy rapidly to the 
divertor collector plate along a rather narrow channel just outside the separatrix and do 
not collisionally equilibrate~ with the ions, it is necessary to find a mechanism which 
cools the electrons directly. 
Radiative cooling of the electrons by impurities is a possible mechanism for 
reducing the electron comjponent of the power flux to the divertor plate. However, it is 
not clear that radiative cooling can overcome the large parallel electron transport in the 
scrape-off layer and divertt:>r. The effective radiative region in the divertor channel will 
be confined to a rather narrow electron temperature range, hence spatial region, unless 
impurity ions in low ionization states can be transported rapidly from the vicinity of the 
collector plate upstream into the radiative region, which is somewhat at odds with the 
objective of entraining im1purities within the divertor channel. This suggests that 
radiative cooling of electrons before they cross the separatrix, while they are confined 
in the plasma edge regio1n, might be a possible solution to the divertor energy flux 
problem. However, such a solution is only useful if the impurities can be confined to the 
plasma edge region and prevented from diffusing into the plasma core region. There is 
recent experimental evidence (2] from 0111-D that the electrons can be radiatively 
cooled in the plasma eclge/SOL by MARFEs, and this has motivated plans to 
experimentally study radiatively cooling electrons by impurity injection inside the 
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separatrix--just the concept proposed here. There is evidence (3] that impurities can be 
inhibited from diffusing into the plasma core by a positive radial electric field in the edge 
plasma. 
B. PROPOSED WORK 
We propose to analyze the possibility of radiatively cooling plasma electrons, 
both before and after the~' cross the separatrix. The emphasis will be on cooling with 
impurities that are trapped in the plasma edge region inside the separatrix, but we will 
also take into account COt)ling by impurity radiation in the scrape-off layer and divertor 
channel. 
We will use the 1-1/20 plasma transport code WHIST (4), which has been 
operational at Georgia Te,ch during the last few years and has been used extensively 
for our ITER burn control studies [5]. We have recently modified WHIST to include 
multi-charge-state impurity transport, an improved MHO equilibrium model (Hirshman's 
VMEC code), and a simple but comprehensive scrape-off layer and divertor model. 
This advanced computatic)nal capability allows for a more self-consistent treatment of 
the effect of enhanced E~dge radiation on the power balance of the coupled core 
plasma-edge plasma-scrape off layer-divertor; it has been used already in the 
evaluation of impurity seeding scenarios for ITER [6]. We are currently extending our 
single-fluid 2-point model of the scrape-off layer and divertor to treat electron and ion 
energy transport separately, in order to be able to model explicitly the different energy 
transport processes alon~1 the magnetic field lines for the. ion and electron channels. 
We are in the process o1 incorporating impurity radiation in the scrape-off layer and 
divertor, using a simple radiation model similar to that of McCracken and Pedgley [7] 
upgraded using a residence time correction to take into account non-coronal 
equilibrium effects. We a.lso plan to incorporate an improved neutrals model to treat 
atomic and molecular effects more accurately. At a later stage, we plan to couple our 
multi-charge-state WHIST core transport code with a multi-charge-state 1 D fluid code 
for the scrape-off layer and divertor (e.g. NEWT -1 D [8]). 
The analysis will initially consist of "injecting• impurities into the edge plasma 
inside of the separatrix, calculating their transport and radiative electron cooling with 
WHIST to obtain electron, ion and impurity particle fluxes and electron and ion energy 
fluxes into the SOL at the midplane, then using the 2-point SOUdivertor model to 
calculate the electron and ion power fluxes to the divertor collector plate. We will also 
calculate the impurity diffusion to and radiative cooling of the plasma core, with and 
without inhibiting mechanisms such as radial electric field modification by NBI-driven 
rotation in the edge plasn1a region. We will attempt to model the impurity "injection" 
from the SOL consistently, but this aspect can be made fully consistent only when we 
replace the 2-point SOUdivertor model with a 1 D fluid code with impurity transport at a 
later stage. 
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We will study various impurity species, including intrinsic low-Z impurities (Be) 
and externally supplied intermediate-Z impurities. We will also identify and study a 
variety of methods for n1odifying edge impurity transport by modification of the radial 
electric field and otherwise. Current models of the ITER plasma and edge conditions 
will be used in the studites. The overall objective of the analyses will be to assess if 
impurities can be used ·to radiatively cool electrons in the plasma edge before they 
cross the separatrix in order to reduce the electron component of the power flux on the 
divertor collector plate, without deleterious effect on the plasma core. 
We also plan to a.nalyze the impurity seeding experiments in 0111-D, which will 
provide confirmation of 1the computational model used for the ITER analyses. This 
effort will take place prior to or concurrent with the ITER analyses, depending on the 
timing of the experiment:s. Preliminary discussions with Stambaugh to this end have 
been held. 
C. EFFORT, TIME AND BUDGET 
This work will be carried out over about 2 years as Ph.D. thesis research by Mr. 
Heping~He, who has alrestdy spent about that amount of time becoming familiar with the 
area and modifying the 'NHIST code. Supervision of the work will be done by Drs. 
Stacey and Mandrekas, involving about 5o/o of their time. Support of this effort will 
require about $35,000 per year for 2 years, allowing for fringe, overhead and travel. 
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IV. ATOMIC AND MOLECULAR MECHANISMS & DATA IN THE SCRAPE-OFF 
LAYER AND DIVERTOR 
We propose to pe1iorm a comparative analysis of cross sections for atomic and 
molecular collision proce~»ses that could be important for analysis of radiative cooling in 
the scrape-off layer and divertor regions. In part, we shall use existing critically 
evaluated data bases using the ALADDIN data transfer format recommended by the 
IAEA. We anticipate that the compendia will inadequately cover processes involving 
secondary species created by ionization and excitation. An analysis of the sensitivity of 
the model prediction to the input data base will identify such inadequacies which in turn 
should be a major focus for further coordinating activities of the IAEA in support of 
ITER. Where appropriatE!, we shall supplement the existing data bases with cross 
section estimates based ctn established scaling relations. 
A. BACKGROUND 
Neutral and fluid transport codes require, as an input, cross section information 
for the various collisional processes. As far as possible, one should utilize critically 
assessed data bases which are approved by experts in the atomic collision field and 
readily available to all modeling groups. The IAEA Atomic and Molecular Data Unit has 
been responsible for coordinating the provision of data bases for Fusion; Dr. Thomas 
has contributed to a number of these compendia through the IAEA and through the 
ORNL data center. Surprisingly, these extensive, assessed data tabulations have only 
rarely been incorporated into modeling codes. We plan to· use a relatively simple, 1 D, 
multigroup neutral transpc•rt code to test the completeness of the available data bases 
and the utility of the ALADDIN data transfer format adopted by the IAEA. Moreover the 
code will permit us to pEuform a sensitivity analysis to determine which processes 
dominate the behavior c1f the plasma in the edge and divertor; this will lead to 
identification of processes where collisional information is inadequate and where further 
work should be coordinated by the IAEA. 
Energy degradation of electrons in the SOL occur first by inelastic, ionization and 
excitation events which e):hibit peak cross sections in the region of 1 oo·s eV, followed 
by elastic events as ener~JY declines; these may be termed the primary events. But a 
satisfactory analysis must include the further transport of the secondary products of the 
initial events which will include ions, metastables and photons; recombination, 
molecular rearrangement and Penning ionization are likely to be the processes 
dominating transport of thetse secondary products. 
The data bases pn)vide an adequate coverage of the primary interactions of 
charged particles with fuel and common impurities. They are, however, rather weak in 
the coverage of transport tlf the secondary products. In the modeling of complex, high 
density, regions such as 'Nill be experienced near a divertor plate and in a radiative 
divertor, the behavior of these secondary species is likely to be crucial. The data sets 
also often are quite inaclequate in their treatment of the possible contribution of 
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impurities released from surfaces; for example Be released by erosion of the divertor 
plate. Thus, the data bases require supplementation either by extracting further 
information from the lite~rature or by estimating cross sections by well established 
scaling relations. 
A matter of particular interest to us is the influence of metastable species where 
cross sections are known to be orders of magnitude higher than that of the ground 
state. As an example dr•awn from our own experimental work, carbon ions from any 
high density ionization source are as much as 30°k metastable (1] and these 
metastables exhibit charge transfer cross sections two orders of magnitude greater 
than the ground state [~~] and dominate the behavior of any carbon ion flux. High 
densities of metastable c:omponents are likely to be present in any region containing 
impurities injected to promote radiative cooling, and the metastable components may 
dominate transport. AssEtssed data compendia have a very inadequate coverage of 
metastable collision even·ts. It is imperative to perform sensitivity analyses to determine 
which secondary species are likely to be important and where further work is needed. 
B. PROPOSED WORK 
We propose first 1to assess the utility of the IAEA sponsored data bases by 
importing them through the ALADDIN format into our neutral transport code. A first 
scenario will be to consider H2 for the injected gas in the divertor region; for this case 
data coverage should bl9 rather complete. We shall identify gaps in the data and 
attempt to cover them by reference to recent data compendia such as those by Tawara 
(3] for electrons and by Phelps (4) for ions. This first importing of information should 
provide us with the primary collisional processes. 
The neutral transport code will calculate the formation of secondary products 
such as photons, metastables, slow ions and electrons whose transport and further 
reactions must then be included. Of particular importance will be molecular 
recombination and rearra1ngement events and processes involving metastable species, 
all of which will exhibit very high cross sections at low energies. 
With the combination of primary and secondary processes in the neutral 
transport code we shall perform a sensitivity analysis to evaluate the importance of 
each mechanism and Vlthether the existing limits of accuracy are adequate for 
prediction of the behavior in the divertor and separatrix regions. 
The procedure can then be repeated for impurity species such as N2 and Ar 
which might be deliberately injected to promote radiative cooling. Also of great interest 
will be the contribution due to atoms of the divertor plate material ejected by collisional 
erosion. An adequate data base exists for the primary and many secondary processes 
related to common gasesi (N2 and Ar) and to carbon. But for a case such as Be, a 
candidate divertor plate m1aterial, there is little or no information and cross sections will 
need to be estimated fronl scaling relations. Both C and Be have important metastable 
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states for which cross sections will be very large. An important task will again be the 
sensitivity analysis to determine which processes are most important and also the 
accuracy with which the input data needs to be specified. 
A significant purpo:se of the work is to identify areas where existing data bases 
are inadequate and to encourage the IAEA data collection program to set up 
cooperative programs to provide the needed information. 
C. EFFORT, nME AND B:UDGET 
The proposed program draws heavily on the experience of Dr. Thomas in 
preparation of evaluated data compendia for the ORNL and IAEA data centers. It is 
seen as a continuing effc1rt in providing the input information for the modeling codes. 
We envisage employing one PhD thesis student, and Dr. Thomas will devote 
approximately 15°/o of full time to this project. Support of this effort will require about 
$50K per year, allowing for fringe, overhead and travel. 
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V. SUPERCODE DEVELC:>PMENT & ANALYSIS 
We propose to continue our participation in the US ITER Systems and 
Operational Studies Task Area, providing support for the development and use of the 
SuPERCODE, the new 1-11/2-D US systems and operational code. Specific areas in 
which our group can make unique contributions, both in the development of the code 
and in using it to analyze various ITER operating scenarios, are proposed. 
A. BACKGROUND 
Georgia Tech has been participating in the development of the SUPERCODE, the 
fast, 1-1/2-D, tokamak ph~(sics and engineering simulation code for ITER (1], since its 
inception in 1990. We have provided models and routines for the self-consistent, 
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profile-dependent evaluation of neutral beam deposition, heating and current drive (2], 
the implementation of t:heory-based transport models including the Rebut Critical 
Electron Temperature Gradient model as well as a diagonal neoclassical model, the 
calculation of the bootstrap current, the accurate calculation of the peak neutron wall 
load, the calculation of the heating profiles from ICRH and the resulting fast wave 
driven current, and a pelle~t fueling model (modules Beams, Boots, NDWai/Load, ICRH, 
Pellets, and seve raJ routines in the Transport module). These routines (which have 
been benchmarked against calculations performed with more sophisticated codes with 
excellent agreement) greatly enhance the capabilities of the SUPERCooe and extend its 
usefulness as a modern systems analysis tool for ITER and other future tokamak 
reactors. 
At the same time, we have been using the SuPERCODE to carry out several 
system and optimization ~rtudies for ITER(3-6). Some of these studies were performed 
at the request of different groups within the US ITER Home Team, such as the Neutral 
Beam and the Magnet task area groups. This is consistent with one of the missions of 
the US System and Operational Studies task area as a service organization for the US 
Home Team structure. 
Two of our major accomplishments this year have been the implementation of 
the new Rebut critical electron temperature gradient transport model in the 
SUPERCODE, and the modeling of the operational performance of ITER-A with 
consistent 1-0 radial transport [7]. The implications of this model on the ignition 
performance of ITER-A and the significant differences with predictions based on 0-D 
modeling and using the ITER-P scaling law have been .reported to the ITER community. 
B. PROPOSED WORK 
While the exact nee!ds of the ITER EDA are not known in detail yet, we expect to 
continue providing support to the US Home Team and the Joint Central Team (JCT} on 
an .. as-requested" basis. 'JVe believe that the strength of the SUPERCODE in integrating 
the essential features of physics performance, engineering models, design constraints 
as well as costing considerations, will make it an indispensable tool for both Home 
Team initiatives and JCT v1ork. 
Our group at Georgia Tech can make important contributions, both in the 
continuing development of the code and in using it to analyze specific scenarios of 
interest. 
1. Code Deyeloprnent: 
Specifically, in the are at of code development, we propose to work on the following 
tasks: 
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a. Self-consjstent MHO and current ddye: By making the MHO equilibrium more 
consistent with th13 external and internal current sources, we can study current 
drive optimization and startup scenarios, as well as the effect of the current 
profile on the confiinement properties. 
b. ECH model: We \IYill develop, benchmark, and install a profile-dependent ECH 
module for the calculation of heating and current drive due to the launching of 
waves in the electron cyclotron range of frequencies. This module will enhance 
the capability of the SUPEACODE for heating and current drive simulations, 
complementing thet existing neutral beam and ICRH modules. 
c. Fueling: We have just completed the development of a pellet fueling module. We 
will add the capability for gas puffing fueling by adopting a neutral transport 
model based on a. semi-analytic solution of the integral transport equation for 
edge-originated neutrals. 
d. Impurity Radjation: Currently, impurity radiation is included in the SUPERCODE 
using simple pararnetric fits that were developed during the ITER CDA [8]. 
However, a more accurate impurity model will be needed in order to investigate 
operating scenarios with enhanced impurity radiation, resulting from either 
externally introduce'd or wall-originated impurities. We will use our considerable 
expertise in this area (gained from our studies of radiative edge operating 
scenarios for ITER using a time-dependent 1-1/2-D transport code coupled with 
multi charge state impurity transport routines [9]) to develop simpler models 
appropriate for a !Systems code. These models would contain most of the 
essential physics and could be based on the transport of a few important charge 
states, or on pararr1etric fits that would be derived from the more accurate full 
impurity transport simulations and which would be valid in the parameter range 
of interest. 
It is also worth mention1ing here that most of these modules will be imported into the 
new free-boundary MHO and plasma transport code, CORSICA, which is currently 
under development at L.LNL, and which is expected to play an important role during 
the ITER EDA. 
2. Analysis 
We will also be using the SUPERCODE to perform system analysis studies for ITER. 
The exact nature of these studies will depend on the needs of the project, but it is 
expected to include operational scenario modeling for ignited or near-ignited 
operating points under inductive operation, steady-state. current-driven performance 
with NB, IC fast wavE! or EC current drive, and other studies on cost and 
performance tradeotts. The SUPERCODE is also expected to play an important role in 
the study of Burn Control, which has emerged as an important safety issue for ITER. 
While a steady state code, its ability to efficiently provide us with a mapping of the 
operating space and with a global picture of the thermal stability properties of 
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potential operating points makes it a very useful tool for the initial stage of the burn 
control studies. 
In addition, we will ta~ce the lead in the study of the effect of the current density 
profile on confinement. Recent experimental results from DIII-D and other tokamaks 
[1 0], indicate that imp1roved confinement and stability can be obtained through the 
modification of the current profile. This suggests that an optimum current profile may 
exist which, for a givEtn confinement model, could increase the performance and 
reduce the size and c:ost of the machine. We believe that the advanced physics 
models of the SuPERCooe, combined with its computational speed and its 
engineering and costing modules, make it the ideal tool for such a study. 
C. EFFORT, TIME AND BUDGET 
The proposed work consists of a continuing effort by Dr. Mandrekas, support by 
graduate students. Dr. l'v1andrekas will devote 75o/o of his time to this effort, and 
graduate students will assist him at a level of effort corresponding to one man-year. 
The required support is about $90K/year, including fringe and overhead. 
D. REFERENCES 
1. S. W. Haney, W. L. Barr, J. A. Crotinger, L. J. Perkins, C. J. Solomon, E. A. 
Chaniotakis, J. P. Freidberg, J. Wei, J. Galambos, J. Mandrekas, ·A SuperCede 
for Systems Analysis of Tokamak Experiments and Reactors," Fusion 
Technology, 21, 1749 (1992). 
2. J. Mandrekas, Physlcs Models and User's Guide for the Neutral Beam Module of 
the SuperCode, Get:>rgia Tech Fusion Report GTFR-1 02, August 1992, Atlanta, 
GA. 
3. J. Mandrekas, S. W .. Haney, L. J. Perkins, J. Galambos, ·current Profile Control 
Simulations with the SuPERCooe,• Bull. Am. Phys. Soc., 37, 1398, (1992). 
4. J. Galambos, L. J. Perkins, S. W. Haney, and J. Mandrekas, •Impact of Improved 
Physics on Tokamak Reactors: to be presented at the IEEEINPSS 15th 
Symposium on Fusion Engineering, October 11-15, 1993. 
5. J. Mandrekas, L. J Perkins, S. W. Haney, and J. Galambos, ·evaluation of 
Different Heating Scenarios for ITER and TPx,· to be presented at the 
IEEE/NPSS 15th SyJ71posium on Fusion Engineering, October 11-15, 1993. 
16 
6. L. J. Perkins, S. ~1. Haney, J. Mandrekas, and J. D. Galambos, "Fusion Power 
Control for the lntetrnational Thermonuclear Experimental Reactor (ITER)," to be 
presented at the IEEEINPSS 15th Symposium on Fusion Engineering, October 
11-15, 1993. 
7. L. J. Perkins, S. VV. Haney, W. M. Nevins, J. D. Galambos and J. Mandrekas, 
ITER Systems ancl Operational Studies in Support of the U.S. Home Team and 
the JCT, presente•d at the US TAC and JSCUS meetings, March 9-10, 1993, 
Atlanta, GA. 
8. N. A. Uckan, and liTER Physics Group, ITER Physics Design Guidelines: 1989, 
IAEA, Vienna, 199fJ. 
9. H. He, J. Mandrekas, W. M. Stacey, "Radiative Edge Simulations for ITER,• Bull. 
Am. Phys. Soc., 37', 1396 (1992). 
10. J. R. Ferron, eta/., "Improved Confinement and Stability in the 0111-D Tokamak 
obtained through l\-1odification of the Current Profile", Phys. Fluids, B-5, 2532 
(1993). 
VI. BURN CONTROL 
The demonstration of the controllability of the thermonuclear burn conditions for 
a several GW power producing reactor such as ITER is expected to be an important 
issue during the Engineering Design Activity (EDA), from both safety and design heat 
flux considerations. Burn control (which generally includes operating point control, burn 
stability control and control of off-normal transient phenomena) is an area that 
encompasses physics and technology, as well as licensing and regulatory 
requirements. We propose to study burn control scenarios for the ITER EDA, taking 
advantage of our considerable experience and existing computational capability in this 
area, having been one o,f the principal participants in the US Burn Control Studies 
group during the ITER CDA. 
A. BACKGROUND 
Examination of the thermal stability properties of candidate operating points for 
a reactor like ITER reveal:; that many potentially attractive operating points (in terms of 
good divertor performanCEt conditions, proximity to the beta limit, etc.) can be thermally 
unstable. The thermal stalbility properties of an operating point depend, among other 
factors, on the confinement scaling or energy transport model assumptions. Some of 
these models predict the existence of operating points that are inherently thermally 
stable, and operation at s~uch points would certainly be highly desirable, it they exist. 
However, our present incc:>mplete understanding of the physical mechanisms that are 
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responsible for radial transport in tokamak plasmas and the uncertainty regarding 
operating conditions that may affect thermal stability (such as impurity content and 
alpha ash concentration in the plasma) make relying on the inherent stability of 
candidate operating points risky and incompatible with the high degree of safety 
desired in the design of ITER. Failure to control a thermal instability, and hence the 
power level of the reactol", can lead to excessive heat loads on the first wall and divertor 
components, as well as to other off-normal events such as disruptions triggered by the 
violation of beta or dertsity limits in the plasma. The designer is faced with the 
requirement either of pro-viding enough margin in the heat flux capability of the first wall 
and divertor to tolerate ~excessive off-normal heat loads and enough strength in the 
divertor to tolerate a large number of disruptions triggered by thermal runaways, or of 
providing an effective burn control system that can limit thermal runaways to an 
acceptable range. The iirst option leads to a prohibitively expensive, if not altogether 
unachievable, design. rherefore, the definition of a credible bum control scenario 
(along with the associated requirements on diagnostic and other technological systems) 
should be a high priority task during the early parts of the ITER EDA. 
Burn Control was studied during the ITER CDA, having been one of the task 
areas of the U.S. Systems and Operating Studies group. Georgia Tech was one of the 
principal participating institutions during this study. We developed methodologies and 
computational tools to evaluate a large number of potential methods for the control of 
the thermonuclear burn conditions of ITER near thermally unstable operational points 
and to determine the technological requirements on the associated ITER hardware 
systems (1-5). Our calculations indicated that operation of the ITER CDA machine at 
thermally unstable operating points was feasible using a· variety of methods ranging 
from "standard., control n1ethods (such as auxiliary power modulation for near-ignited 
points, modulation of the fueling rate for ignited points, injection of impurities, etc.) to 
more "advanced" ones St.;ICh as control with modulation of the divertor pumping fraction 
[2). We found that edge effects can be very important and may even contribute to 
passive stability[2]. We also deternined the technological requirements that each 
proposed control mechanism would impose on the ITER hardware components (e.g., 
maximum reserve power and minimum acceptable ramp rate of the heating system, 
reserve capacity of the fueling source,). A series of 1-1/2-D simulations that we 
performed (3] confirmed c1ur 0-D predictions and also indicated that the response of the 
control system can be improved if use of spatially-resolved neutron flux measurements 
are made. The results o1~ our work, along with those from the other U.S. participants, 
helped to define the recornmendations for a primary and secondary control scheme for 
the CDA ITER device [5). 
The computational tools that we used for this work include a 0-D transport code 
with advanced physics capabilities and control algorithms that we developed, and the 
WHIST 1-1/2-D transport code (6] for the spatially-dependent study of burn control 
scenarios. As part of our recent work on the study of impurity seeding scenarios for 
ITER (7-8], we have added new capabilities to the WHIST transport code. These 
include routines for the tin1e-dependent transport of multi-charge state impurities within 
the core, as well as a simple but comprehensive SOUdivertor model. These upgrades 
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allow us to study, in a setlf consistent way, the effects of impurities (wall-originated or 
externally introduced) on the evolution of the core plasma, as well as to assess the 
effects of transient phenc,mena on the divertor heat load. We are presently upgrading 
the SOUdivertor model in WHIST to included radiation, and will extend it to treat ions 
and electrons separately .in the near future; and we are upgrading the MHO capability in 
WHIST by incorporating VMEC. At the sam-e time, our 0-0 code is being upgraded to 
a multi-region model, by adding coupled edge and divertor models to the present core 
model, for a better study t:>f the effects of edge conditions on the dynamics of a burning 
plasma. The 0-0 model provides a capability to perform a large number of control 
studies, while the 1-1/20 model provides the capability to study the coupled dynamics 
of the plasma core and the SOUdivertor in detail. 
B. PROPOSED WORK 
It is proposed to continue our burn stability control studies during the EDA phase 
of the ITER project. Particular emphasis will be placed on issues that are identified by 
the JCT as critical. We anticipate that these will be similar to those which were 
identified as critical during the ITER CDA Burn Control Studies. Such issues may 
include the identification c~f credible burn control schemes and the assesssment of the 
associated technological 1requirements and of the effect of physics uncertainities, the 
definition of the minimum diagnostic requirements for controllability, the identification of 
worst case transients, the! study of the effect of perturbations introduced by sawteeth 
oscillations and pellet injection on thermal stability, and the.identification of phenomena 
and processes that can contribute to the inherent, passive stability of the system. 
Attention will also be givt~n to thermal instabilities triggered by density fluctuations, a 
recent concern of the JCT. Such fluctuations (which earlier studies (9] have shown to 
give rise to distinct modes for certain confinement scalings) can be caused by 
desorption of fuel from the first wall of the device due to an increase in its temperature. 
The impurity influx that will most certainly accompany the fuel flux, should also be taken 
into account in the analysis of the response of the system. 
We believe that OLir advanced computational capabilities make us qualified, 
perhaps uniquely so at thil; time, to study in detail any of these bum control problems. 
The impurity transport optiion that we added to the WHIST 1-112-D transport code will 
be especially useful for modelling scenarios involving wall-originated or extemally 
introduced impurities and also for the simulation of off-normal operation, while our 
divertor and SOL model will give us ·an estimate of the effect that edge plasma 
conditions can have on the evolution of the core plasma during transients. Our 
computational tools will al:so allow us to examine edge phenomena control schemes 
that are based on physics that is currently less well understood (but with a rapidly 
expanding database) ancl which hold the promise of reducing the technological 
requirements and cost of the control system. Such schemes will be based on 
mechanisms that can be atffected in the edge region and which interactively influence 
and control the core therm()nuclear burn (1 0]. 
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C. EFFORT, TIME & BUDGET 
We envision that the US Burn Control effort in support of ITER would be of a 
multi-institutional nature, would be an ongoing activity and would be carried out at a 
level dictated by the urgency assigned to the task by the JCT. We believe that a fairly 
substantial effort early in the EDA would be wise. 
We propose to involve a graduate student who is doing his Ph.D. research in 
this area 1 00°k, Dr. Mandrekas 1 0°/o and Dr. Stacey So/o in the specific activities 
described above. The 1required support is about $501</year, including fringe and 
overhead. (In addition to this proposed level of effort, we plan to propose continuation 
of our participation in the SUPERCODE activity, some part of which might naturally be 
part of the US Burn Control activity.) If necessary, this level of effort could be increased 
by the assignment of a Pc,stdoctoral Research Scientist. 
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and compliance audits in accordance with the 
Single Audit Act of 1984. 
18. Will comply with all applicable requirements of all 
other Federal laws, executive orders, regulations 
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u.s. Department of Energy 
Assurance of CompUance 
Nondlac•1mlnatlon In Federally Aaalated Programa 
OMB Contol No. 
191().0400 
Georgia Tech Research Corooratl on (Hereinafter called the .. Appllcant'1 HEREBY AGREES to 
comply witn Title VI of the Civil Rights Act of 1964 (Pub. L 88-352). Section 11 of the FederaJ Energy Administration Act of 
197~ (Pub. L. 93-275), Section ~01 of the Energy Reorganization Act of 1174 (Pub. L. 13-438), ntae IX of the Education 
~er.drn•nts of 1972, as amended, (Pub. L 92·318, Pub. L. ~568. and Pub. L. 14-42), Section 504 of the Rehabilitation 
Act of 1973 (Pub. L 93-1 12), the Age Discrimination Act of 1975 (Pub. L. 14-135), Title VIII of the Civil Rights Act of 1968 
[Pub. L 90.284), the Department of Energy ()rganization Act of 1977 (Pub. L. 95-91), and the Energy Conservation and P~ 
duction Act of 1976, as amended. (Pub. L 9•'-385). In accordance with the above laws and regulations issued pursuant 
t.here!o. the Applicant agrees to assure that no person in the United States shall, on the ground of race, color. national 
e>rigin. sex, age. or handicap, be excluded frclm panicipation in, be denied the benefits of, or be otherwise subjected to 
discrimination under any program or activity in which the Applicant receives Federal usistance from the Department of 
Energy. 
Applicability and 
Period of Obligation 
In the case of any service, financial ai:l. covttred employment, equipment, property, or structure provided, leased, or improv-
ed with Federal. assistance extended to the J~pplicant by the Department of Energy, this assurance obligates the Applicant 
for the period during which Federal assistance is extended. In the case of any transfer of such service, financial aid, equip-
ment. property. or structure, this assurance c)bligates the transferee for the period during which Federal assistance is ex-
tended. If any personal property is so provided, this assurance obligates the Applicant for the period during which it retains 
ownership or possession of the property. In «lll other eases, this assurance oblig•tes the Applicant for the period during 
which the Federal assistance is extended to the Applicant .by lhe Department of .Energy. 
Employment Practices 
Where a primary objective of the Federal as:sistance is to provide employment or where the Applicant's employment prac· 
tices affect the delivery of services in programs or activities resulting from Federal assistance extended by the Department. 
the Applicant agrees not to discriminate on the ground of race. color. nationaJ origin, sex, age, or handicap, in its employ-
ment practices. Such employment practices may include, but are not limited to, recruitment, recruitment advertising. hiring. 
layoff or termination, promotion, demotion, transfer, rates of pay, training and panieipation in upward mobility programs; or 
~ther forms of compensation and use of facilities. 
Subrecfpient Assurance 
The Applicant shall require any individual, otrganization, or other entity with whom it subcontracts, subgrants, or subleases 
ior the purpose of providing any service. financial aid, equipment, property, or structure to comply with laws cited above. To 
this end. the subrecipient shall be required to sign a written assurance form, however. the obtigation of bOth recipient and 
sut)rtcipient to ensure compliance is not relieved by the collection or submission of written assurance forms. 
Data Collection and 
Access to Records 
The Applicant agrees to compile and maintain information pertaining to programs or activities developed as a result of the 
.~pplicant"s receipt of Federal assistance from the Department of Energy. Such information shall include, but is not limited 
to.the following: (1) the manner in which ser\lices are or will ba provided and related data necessary for determining whether 
/; . 
any persons are or will be denied such services on the basia of prohibited discrimination: (2) the population "ible to be 
served by race, color, national origin, ux, age and handicap: (3) data regarding covered employment including use or 
planned use of bilingual public contact employees serving beneficiaries of the program where necessary to permit effective 
participation by beneficiaries unable to speak or understand English; (4) the location of existing or proposed facilities con-
nected with the program and related information adequate f« determining whether the location has or will have the effect of 
unnecesarily denying access to any person on the basis of prohibited discrimination; (5) the present or proposed member· 
ship by race, color, national origin, sex, age and handicap, in any planning or advisory body which is an integral part of the 
program; and (6) any additional written data determined by the Depanment of Energy to be relevant to Its obligation to 
assure compliance by recipients with laws cited in the first paragraph of this assurance. 
The Applicant agrees to submit requested data to the Department of Energy regarding programs and aetivitfes developed by 
the Applicant from the use of Federal assistance funds extended by the Depanment of Energy. Facilities of the Applicant 
(including the physical plants, buildings, or other structures) and all records, boOks, accounts, and other sources of informa-
tion pertinent to the Applicant's compliance with the civil rights laws shall be made available for inspection during normal 
business hours on request of an officer or employee of the Department of Energy specifically authorized to make such in-
spections. Instructions in this regard will be provided by the Director, Offace of Equal Opportunity, U.S. Department of 
Energy. 
This assurance is given in consideration of and for the purpose of obtaining any and all Federal grants, loans, contracts 
(excluding procurement contracts), property. discounts or other Federal assistance extended after the date hereto, to the 
Applicants by the Department of Energy. including installment payments on account after such data of application for 
Federal assistance which are approved before such date. The Applicant recognizes and agrees that such Federal assistance 
will be extended in reliance upon the representations and agreements made in this assurance and the the United States 
shall have the right to seek judicial enforcement of this assurance. This assurance in binding on the Applicant, its suc· 
cessors, transferees. and assignees, as well as the person whose signature appears below and who is authorized to sign 
this assurance on behalf of the Applicant. 
Georgia Tech Research Corporation 
Centennial Research Building 
(Name of Applicant) 
Georgia Institute of Technology 
Atlanta. GA 30332-0420 
(Authonzif'd Official) R. De~nis Farmer ~ontracting 
) 404/894-4817 
Officer 
(Applicant's Telephone Number) 
CERTIFICATIONS REGARIJ•ING LOBBYING; DEBARMENT, SUSPENSION AND OTHER 
RESPONSIBILITY MATI'ERS; AND DRUG-FREE WORKPLACE REQUIREMENTS 
Applicants should refer to the regulations dted below to detennine the certification to which they are required to anest. Applicants 
should also review the instructions for certification included in the reaulations before completina this fonn. Sipature of 
this fonn provides for compliance with certification requirements under 34 CFR Pan 82, .. New Restrictions on Lobbyina." 
and 34 CFR Part 85, "Government-wide :Debannent and Suspension (Nonprocurernent) and Government-wide Requirements for 
Drug-Free Workplace (Grants)." The cenifications shall be treated as a material representation of fact upon which reliance will be 
placed when the Depanment of Eneray detennines to award the covered transaCtion. pant. or cooperative apecmenL 
1. LOBBYING 
The undersigned cenifies, to the best ofhis .,.. her knowledae and 
belief. that: 
(I) No Federal appropriated funds have lt)een paid or ,will be 
paid. by or on behalf of the undersiped. to any person for 
influencing or anempting to influence an officer or employee 
of any agency. a Member of Congress, an officer or employee 
of Congress, or an employee of a Member of Congress in 
connection with the awarding of any Federal contract. the 
making of any Federal grant, the making of any Federal loan, 
the entering into of any cooperative agreement, and the 
extension, continuation, renewal, amendlment. or modification 
of any Federal contract. JraRt,loan, or CCIOpCrative agreement. 
(2) If any funds other than Federal appropriated funds have been 
paid or will be paid to any person for intl Laencina or attempting 
to influence an officer or employee of any qency, a Member 
of Congress, an officer or employee of Congress, or an 
employee of a Member of Conaress in connection with this 
Federal contract, arant, loan, or cooperative qreement. the 
undersigned shall complete and submit Standard Form-LLL. 
"Disclosure Form to Repon Lobbyina. •• in accordance with 
its instructions. 
(3) The undersigned shall require that !the language of this 
cenification be included in the aw11'd documents for all 
subawards at all tiers (including subcontracts. subgrants. 
and contracts under arants, loans. an.d cooperative qree-
ments) and that all subrecipients shall certify and disclose 
accordingly. 
This cenification is a material representation of fact upon which 
reliance was placed when this transaction was made or entered 
into. Submission ofthis cenification is a pl'oerequisite for making 
or entering into this transaction imposed by section 1352. title 
31. U.S. Code. Any person who fails to file the required ceni-
fication shall be subject to a civil penalty olf not less than S I 0,000 
and not more than $100,000 for each sucl~ failure. 
2. DEBARMENT, SUSPENSION, .~ND OTHER RE-
SPONSIBILITY MA TIERS 
( 1) The prospective primary panicipant cc~nifaes to the best of its 
know ledge and beli~f. that it and its Jwincipals: 
(a) Are not presently debarred, SUSJ~. proposed for 
debarment. declared ineligible. 01' voluntarily excluded 
from covered transactions by any Federal department or 
qency; 
(b) Have not within a three-year peri,od preceding this pro-
posal been convicted of or had a civil judament rendered 
against them for commission o1f fraud or a criminal 
offense in connection with obtai111ing. anempting to ob-
tain. or performing a public (Fc:deral. State or local) 
transaction or contract under a pu1blic transaction; viola-
tion of Federal or State antitrust statutes or commission 
of embezzlement, theft. forgery. bribery, falsification or 
destruction of records. makina false llltements. or l'e· 
ceivin& stolen property; 
(c) Are not presently indicted for or otherwise criminally or 
civilly char~ed by a governmental entity (Federal, State 
or local) w1th commission of any of the offenses enu-
merated in paragraph (l)(b) of this certification: and 
(d) Have not within a three-year period precedinJ this ap-
plication/proposal had one or more public transactions 
(Federal. State or local) senninated for cause or default. 
(2) Where the prospective primary participant is unable to 
c:enify to any of the statements in this certification, such 
prospective participant shall attach an explanation to this 
proposal. 
3. DRUG-FREE WORKPLACE 
This cenification is required by l~ Drua-Free Workplace Act of 
1988 (Pub. L. I 00-690, Title V, Subtitle D) and is implemented 
through additions to the Debarment and Suspension regulations, 
published in the Fecieral Resister on JanUII)' 31, 1989, and 
May 2S, 1990. 
ALTERNATE I 
(GRANTEES OTHER THAN INDIVIDUALS) 
(I) 1be grantee cenifaes that it will or will CG-"ltinue to provide a 
drug-free workplace by: 
(a) Publishing a statement notifying employees that the 
unlawful manufacture. distribution. dispensing, posses-
sion, or use of a controlled substance is prohibited in 
the grantee· s workplace and specifying the actions that 
will be taken against employees for violation of such 
prohibition; 
(b) Establishing an ongoing dna&-free awamaess program to 
inform employees about: 
(I) 1be danaers of dnag abuse in the workplace: 
(2) 1be grantee's policy of maintaining a drua-tree 
workplace; 
(3) Any available drua counselinJ. rehabiliwion. and 
employee assistance prop-ams; and 
(4) The penalties that may be imposed upon employees 
for druaabuse violations occunin& in the workplace: 
(c > Makina it a requirement that each employee to be enaaged 
in the perfonnance of the grant be aiven a copy of the 
statement requir'ed by paragraph (a); 
(d) Notifying the employee in the statement r-. quir'ed \ty 
paragraph (a) that, as a condition of employment under 
the arant, the employee will: 
FA~RTS {2111 I 
( 1) Abide by the tenns of the statement: and 
(2) Notify the employer in wrilin& of his or her convic-
tion for a violation of a crimina) drug statute occur-
ring in the workplace not later than five calendar days 
after such conviction; 
(e) Notifying the agency, in writing, within ten calendar 
days after receiving notice under subparagraph (d)(2) 
from an employee or otherwise receiving actual notice of 
such conviction. Employers of convicted employees 
must provide notice, including position title. to every 
pant officer or other desianee on whose arant activity 
the convicted employee was working, unless the Federal 
agency has designated a central point for the receipt of 
such notices. Notice shall include the identifiCation 
number(s) of each affected pant; 
(f) Taking one of the following actions, within 30 calendar 
days of receiving notice under subparagraph (d)(2), with 
respect to any employee who is so convicted: 
( 1) Taking appropriate personnel action against such an 
employee. up to and including tennination, consis-
tent with the requirements of the Rehabiliwion Act 
of 1973, as amended; or 
(2) Requiring such employee to panicipate satisfacto-
rily in a drug abuse assistance or rehabilitation 
program approved for such purposes by a Federal, 
State, or local health, law enforcement, or ocher 
appropriate agency; 
(g) Making a good faith effon to continue to maintain a 
drug-free workplace through implementation of para-
graphs (a), (b), (c), (d), (e), and (f). 
.::~]:- ''":-,. 
/f 
(2) The Jrantee may insert in lhe space provided below ~ (. · 
site(s) for lhe performance of work done in connection with 
lbe specific pant: 
Place of Performance: 
(Street address, city, counry,swe. zip code) 
225 bbr1;h Avenue 
Atlanta, Fulton o=ur.t~·, Georgia 30332 
D Check if there are workplaces on file that are not identifaed ~. 
ALTERNATE II (GRANTEES WHO ARE INDIVIDUALS) 
( 1) The grantee certifies that, as a condition of the arant. he or she 
will not engage in the unlawful manufacture. distribution. 
dispensing. possession, or use of a controlled substance in 
conducting any activity with the Jl'llll 
(2) If convicted of a criminal dru& offense resulting from a 
violation occuning during the conduct of any pant activity. 
he or she will repon the conviction. in writing. within 10 
calendar days of the conviction. to every pant offker or 
other designee. unless the Federal agency designates a cen-
tral point for the receipt of such notices. When notice is made 
to such a central point. it shall include lhe identif.cation 
number(s) of each affecled pant. 
As the duly authorized representative of the applicant. I hereby cenify that the applicant will comply with the above certifications. 
NAME OF APPLICANT PR/AW ARD NUMBER AND/OR PROJECT NAME 
-
Georgia Tech Jesearch Ccrporation 
PRINTED NAME AND TITLE OF AUTHORIZED REPRESENTATIVE 
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